Studies have found that the measurement of body composition can be used to identify the gestational diabetes mellitus (GDM) risk in pregnant women. However, few studies focused on the relationship between body composition and GDM development in low GDM risk population. Thus, the objective of this study was to examine the association between body composition and the development of GDM in pregnant women with low risk of gestational diabetes.
Introduction
Gestational diabetes mellitus (GDM) is defined as any degree of impaired glucose tolerance developed during pregnancy, which is the main cause of maternal and neonatal complications. [1] The report from Liao shows that the prevalence of GDM in southwest China is 24.5%, [2] with an increasing trend in recent years. GDM can increase the mortality of the pregnant and neonatal and the healthcare expenditure. [3] The incidence of GDM was influenced by several risk factors. Several studies have found that previous GDM, a family history of diabetes and polycystic ovary syndrome can increase the risk of GDM in pregnant women. [4] [5] [6] In other words, pregnant women with these factors were in a high risk of GDM. However, pregnant women without these risk factors may also develop GDM. Kalok et al [7] conducted a prospective cross-sectional study among low GDM risk pregnant women above the age of 25 years in Malaysia and found the incidence of GDM was 14% in this population. Unfortunately, there is few methods to screen potential GDM in pregnant women with low GDM risk.
Body composition measurement seems to be a feasible direction for screening potential GDM. Body composition is a known risk factor for a number of conditions such as diabetes, [8] pregnancy-induced hypertension, [9] and preeclampsia. [10] Body composition, such as waist circumference [11] is considered to be closely related to glucose metabolism in humans. A long-term follow-up survey conducted by Yoshimi in Japanese revealed that the percentage of leg fat was negatively associated with the development of diabetes in women (odds ratio [OR] = 0.68, 95% confidence interval [CI] 0.65-0.85). [8] Bolognani et al [11] made a cross-sectional study included 240 pregnant women in Brazil and found that the waist circumference at 20 to 24 weeks of gestation was correlated with GDM risk (OR = 4.02, 95% CI 1. 12-13.78 ). Nevertheless, whether body composition is associated with GDM morbidity in pregnant women without risk factors of GDM have remained unknown. Therefore, the aim of this study was to examine the relationship between body composition and the development of GDM in pregnant women at low risk of GDM in early weeks. The bioelectrical impedance analysis (BIA) technology was used in our research, and the time of BIA measurement was usually earlier than 20 weeks of gestations. To our knowledge, this study is the first of its kind and will; therefore, fill a gap in the literature. The information obtained may be crucial in reducing morbidity of GDM in pregnancy without identified risk factors, which affects millions worldwide. Additionally, the main method of diagnosing GDM is oral glucose tolerance test (OGTT) at 24 to 28 weeks at present. [12] If we can identify the pregnant women having a GDM risk earlier than 24 to 28 gestational weeks, we can early implement the intervention to prevent GDM.
Materials and methods

Setting and subjects
A retrospective case-control study was conducted at the West China Second University Hospital, Sichuan University, a hospital receiving approximately 10,600 pregnant women in southwest China each year. We studied data on pregnant women who registered and whose body composition was measured at the Department of Obstetrics from March, 2016 to May, 2018. Pregnant women of 18 years and older and with single pregnancy were included in the study. The exclusion criteria were:
(1) previous GDM or any type of pre-pregnancy diabetes;
(2) disease whose medical treatment may affect glucose metabolism, such as chronic hypertension and thyroid disease; (3) abortion or induced labor because of deformity; (4) a family history of diabetes; (5) incomplete data; and (6) 2 or more pregnancies.
Screening for GDM was performed on all subjects at 24 to 28 gestational weeks using a 1-step 75 g oral glucose tolerance test (OGTT), and GDM was diagnosed according to the International Association of Diabetes Pregnancy Study Groups criteria. [12] 
Data collection
The sociodemographic and clinical information such as age, education level, pre-pregnancy weight, height, ethnicity, parity, history of disease, the value of OGTT, family history of diabetes were collected from medical records by 1 trained researcher using the hospital database. The total body water (TBW), intracellular water (ICW), extracellular water (ECW), protein, minerals, fat free mass (FFM), fat mass (FM), and other body composition information, which were tested between 13 and 20 weeks of the pregnant women by the InBody 770 system, were also collected.
Measurement instrument
Measurement of body composition was made using multifrequency BIA with 8-point tactile electrodes (InBody 770; Biospace, Seoul, Korea). This analyzer estimated 5 segments composition, using an alternating current of 250 mA at variable frequencies of 1, 5, 50, 250, 500, and 1000 kHz. Evaluation was performed between the time of registration and 20 gestational weeks.
Ethics consideration
This study was approved by the Ethics Committee of West China Second University Hospital, Sichuan University.
Statistical analysis
Data were analyzed using SPSS Statistics V23.0. Qualitative data were reported as counts and percentages. Quantitative variables were recorded as median, interquartile range or mean ± standard deviation according to the data distribution. Student t test was used for quantitative data, and Pearson x 2 test was used for qualitative data. Body composition percentage was equal to body composition (kg) divided by body weight (kg). And then we divided the data into quartiles (25%, 50%, and 75%). To identify the risk quartile of body composition associated with the development of GDM, a univariate logistic regression analysis were first be used (variables with P-value < .1 went to next step) and then a stepwise multiple logistic regression model was composed through a purposeful selection process of variables. Hosmer-Lemeshow statistic were calculated as measures of model fit. The significant level was set at a < .05.
Results
Characteristics and body composition of the subjects
A total of 3965 pregnant women who registered in our hospital and completed the body composition and OGTT were assessed for eligibility. Based on the inclusion and exclusion criteria, 1267 women were excluded. Finally, 2698 pregnant women entered the final analysis, of whom 462 developed GDM (17.1%). A flow diagram was presented in Figure 1 .
Detailed sociodemographic and clinical characteristics of the subjects were summarized in Table 1 . There were no significant differences in ethnicity, and gestational weeks. Age of pregnancy, pre-pregnancy body mass index (BMI), the rate of and multiparity were significantly higher in the GDM than in the normal glucose tolerance (NGT) group.
There were significant differences in body composition between the 2 groups ( Table 2 ). The percentage of TBW, percentage of ICW, percentage of ECW, percentage of minerals, percentage of FFM, and so on were higher in NGT group compare with GDM group (P < .001).
Risk factors associated with the development of GDM
The potential risk factors for GDM included age, pre-pregnancy BMI, percentage body fat, fat mass index (FMI), waist-hip ratio, and ECW/ICW ratio, and so on (Supplementary Table 1 , http:// links.lww.com/MD/D290). For ease to read, we simplified the Supplementary Table 1 , http://links.lww.com/MD/D290, as shown in Table 3 .
After removing the less clinically relevant and no statistically significant variables, 18 variables entered into the multivariate logistic regression model. Three of these 18 variables remained in the model (Table 4 ). After adjusting pre-pregnancy BMI and age, the risk for GDM increased in women whose percentage body fat higher than 25% compared with percentage body fat lower than 25% (OR = 1.786, 95% CI = 1.112-2.866, P = .02). The risk for GDM decreased in women who had higher values in ECW/ICW ratio. The Hosmer-Lemeshow goodness of fit test indicated no 
Discussion
In this study, we found that the age, percentage body fat, and ECW/ICW ratio were independently associated with the development of GDM.
Not surprisingly, the age was a risk factor for GDM after adjusting pre-pregnancy BMI. This result was consistent with previous studies. [4, 13] A research revealed that older age as a risk factor of developing GDM was evident among Asian women. [14] The reason may be that aging can lead to insulin insensitivity, impaired lipid metabolism, and glucose tolerance. After entering middle age, pregnant women are prone to obesity. About 15% of adult women aged 18 years and older have obesity worldwide. [15] Obesity itself is an independent risk factor for diabetes. Therefore, the older age of pregnant women may experience a higher incidence of GDM, which has greater impacts on maternal and child health. [16] Besides, since the universal 2-child policy was implemented in China from the end of 2015, the number of pregnant women at an advanced age (>=35 years) has been increasing. Data showed that the pregnant women at advanced maternal age took 19.9% in all pregnant women only in the first 6 months of 2016 in China, [17] which is similar to 19.16% in this study. Therefore, we should strengthen the health education about GDM risk management to pregnant women at advanced age. As expected, this study found that pregnant women in the group with higher percentage body fat (>25%) had significantly higher risk of GDM than those with normal percentage body fat (<=25%) after adjusting age and pre-pregnancy BMI. Obviously, this result was supported by Iqbal's report. Iqbal conducted a nest case-control study in South Asian women and found the higher percentage body fat increased the risk of GDM (OR = 1.07, 95% CI 1.03-1.13). Percentage body fat was determined FM (kg) by weight (kg). FM, the sum mass of subcutaneous fat, visceral fat, and intramuscular fat, is related to the serum adiponectin level and insulin resistance. [18] Visceral fat can reportedly damage islet function, [19, 20] and lead to hepatic insulin resistance through its high degree of lipolytic activity and high release of free fatty acids into portal circulation. [21] Subcutaneous fat is also associated with insulin resistance. [22, 23] In addition, it was shown that the increased inflammation [24] and cytokines [25] produced by fat tissue may lead to the development of diabetes. Some studies have proved that percentage body fat was associated with diseases including metabolic syndrome [26] and preeclampsia. [27] RamirezVelez et al [26] conducted a study in university students and found that percentage body fat was positively correlated to metabolic components that included glucose, high-density lipoprotein cholesterol, triglycerides, total cholesterol, waist circumference, and FMI. A study reported the changes in percentage body fat without in body weight was positively related to the changes in the glycated hemoglobin levels in diabetic patients. [28] These components are closely related to the development of GDM. It was clear that GDM or diabetes develops when a person has high glucose, high level of glycated hemoglobin, high-density lipoprotein cholesterol, high Table 1 Characteristics of pregnant women (n = 2698) who entered the final analysis.
Variables
GDM (n = 462) NGT (n = 2236) t/x 2 P-value Wang and Luo Medicine (2019) 98: 42 Medicine Table 3 Univariate logistic regression analysis for the association between maternal body composition and gestational diabetes (n = 2698). triglycerides and cholesterol, and large waist circumference. We have known that obesity was closely related to GDM. Obesity means that the body stores too much energy in the form of fat, rather than simply being overweight. At present, the most commonly used measure index of weight status is BMI, but it cannot distinguish between body fat and FFM, so it is difficult to detect muscular obesity and invisible obesity. Therefore, the application of BMI is limited, and percentage body fat can make up for this deficiency. In our study, we adopted the percentage body fat with the Japanese standard, which defined the percentage body fat below 25% as normal, percentage body fat higher than 25% as obesity. [29] This standard may not apply to the Chinese people which was a limitation in our study. Therefore, it is necessary to establish a percentage body fat standard for Chinese people. And percentage body fat was a good predicator of GDM, suggesting that pregnant women having a high percentage body fat should be implemented fat management.
In the human body, TBW consists of ECW and ICW. ECW mainly includes tissue interstitial fluid, plasma, lymph, cerebrospinal fluid, and so on. It accounts for 1/3 of TBW. The increase of ICW during pregnancy is likely to bring changes to the maternal body, including not only increases in mammary and uterine tissues, but also the growth of the fetus and placenta, because of maternal blood volume expansion and accumulation of amniotic fluid. [30] Our study revealed that ECW/ICW ration was a protective factor for GDM, which was inconsistent with the result reported by Xu et al, [31] who conducted a prospective cohort study enrolled 1135 women in 11 hospital in China. BIA and dietary surveys were used to determine body composition and the intake of nutrients in subjects at 21 to 24 weeks of gestation. They reported that ECW/ICW ratio increased GDM risk significantly compared with the lowest quartile. There may be some reasons for this difference. First, only low GDM risk pregnant women were included in this study, and their body water status may be different from that of pregnant women at high risk of GDM. In addition, our subjects were mainly pregnant women living in Sichuan province. The subjects of 2 studies had significant dietary differences, which may affect their body composition including fluid status. Second, the data we collected about the body composition of the pregnant women's body was at 13 to 20 weeks of gestation, while the body composition data collected in Xu's study was 21 to 24 weeks of gestation. The nutritional status of pregnant women varied greatly with the increase of gestational weeks. Our study showed that the value of ECW/ICW ratio fluctuated around 0.6 and peaked at 0.68. This value was lower than the 0.8 reported by Xu. Obviously, our subjects had lower ECW/ICW ratio. This finding revealed that in a certain range, ECW/ICW ratio may decrease GDM risk. And the relationship between body water and the risk of GDM needs further study.
In recent years, BIA has been applied in many hospitals in China to measure the body composition and nutrition status of pregnant women. It is a rapid, noninvasive, valid, inexpensive, and simple method to measure body composition using BIA in pregnancy. Some studies found that BIA had been highly correlated with doubly labeled water method, [32] and dual-energy x-ray absorptiometry [33] in measuring body composition. Studies have revealed the clinical significance of BIA in the measurement of body composition. [31, 34, 35] Body composition refers to fat, water and other components and percentage in the overall mass of the human body. As we all known, the water shows a relative and absolute increase within advancing gestational weeks and finally is the largest component of weight gain in pregnancy. [36] Many studies have confirmed the validity of BIA in measuring TBW, ECW, and ICW. [37] [38] [39] Multifrequency BIA can identify the human body consists of 5 different cylinders (legs, trunk, and arms) with different resistance, through which impedance can be measured separately to achieve segmented water analysis. This differs from other methods which take the human body as a single entity. [40] In general, BIA is reliable for measuring body composition.
In this study, we did not find the relationship between FMI and GDM in multiple analysis. FMI is determined by dividing tissue mass (kg) by height (m) squared. A recent study suggested that FMI is better than BMI in evaluating obesity. [41] A cross-sectional study involving 1687 volunteers revealed that FMI was positively correlated with metabolic syndrome components. Fat mass and obesity-associated gene that has a positive correlation with obesity was also correlated with FMI. [42] We also did not find that waist-hip ratio was associated with the development of GDM. However, some previous studies found that waist-hip increased the risk of the development of GDM. [43] Therefore, more studies are needed to clarify the relationship between body composition and GDM.
Our study had some limitations. First, we used a retrospective chart review design to collect data; therefore, it was not possible to obtain detailed lifestyle factors such as dietary habits in women during the period from pregnancy to being diagnosed with GDM. Second, the sample of this study was not representative enough Table 4 Stepwise multivariate logistic regression analysis for the association between body composition and gestational diabetes. Wang and Luo Medicine (2019) 98: 42 Medicine because it was drawn from only 1 medical center in west China. The economic and cultural development of the country's eastern and western regions differ greatly. Third, BIA was more accurate in measuring hydration in human body, but less accurate in measuring FM because fat or fat-containing tissues produce a poor electrical pathway. Fourth, pre-pregnancy BMI was reported by patients themselves and there may be a slight deviation. Therefore, our observation of abnormal body composition to predict GDM should be used with caution in the population screening of low-risk subjects and needs to be validated in a multicenter, large sample. These risk factors discussed above can provide guidance to identify GDM in pregnant women with a low GDM risk. Based on test results, patients with increased risk of GDM can be provided with clinical interventions about changes in diet, exercise, and the achievement of desirable body composition. The measurement of body composition can assist clinicians in early identification and diagnosis of GDM. Yet still, prospective, multicenter studies are needed to confirm the association between body composition and the development of GDM in Chinese pregnant women with low risk of GDM.
